The Bishnumati River, a major tributary of the Bagmati River in the Kathmandu Basin, is a low-gradient, low-sinuosity river with a short high-gradient head. The tributaries contributing the Bishnumati River supply sediments from granite-gneiss sources located towards the north of the river area, and from sedimentary rocks of the Phulchoki Group from the northwest and the west of the Bishnumati watershed. Four representative segments each from third, fourth, fifth and sixth order stretches were sampled and analysed for riverbed-material size, and gravel shape and composition, to characterise riverbed materials, to understand downstream distribution of shape, size and composition of sediments, and to understand provenance of riverbed materials.
INTRODUCTION
The Bishnumati River is one of the major tributaries of the Bagmati River in the Kathmandu Basin (Fig.1) . The former supplies water and sediments from the northwest region of the basin. The Bishnumati River extends for about 18.4 km and is a sixth order stream. First to sixth order main segments extending from Bishnumatigau to Teku have lengths 0.19, 0.92, 2.32, 8.03, 0.77, and 6 .17 km, respectively. The river receives contributions from the Shivapuri range (Sheopuri Injection Gneiss Zone; Ohta 1973) , Nagarjun range (Phulchoki Group; Stöcklin, 1980) and fluviolacustrine terraces.
Tributaries such as the Lupan Khola, the Sanla Khola and the Mahadev Khola supply debris from the Shivapuri range composed of the Sheopuri Injection Gneiss Zone. One of the tributaries of the Mahadev Khola, i.e., the Sheshmati Khola supplies debris from both gneissic zone and the Phulchoki Group. Other major tributaries as the Bhaucha Khusi and the Manamati River supply debris from the Nagarjun range of the Phulchoki Group.
The Bishnumati River is a perenial stream fed by storm flow and springs. The maximum monthly discharge reaches highest (3.4 m 3 /s) in August and is least (0.024 m 3 /s) in February according to the data of DHM (1998) . The total drainage area of the Bishnumati watershed is 102.09 km 2 .
The river profile is concave up (Fig. 2 ) with slope (Table 1) , thus showing high gradient head and long low-gradient tail. The river appears sinuous with few side and mid bars.
The present study intends to characterise size, shape and composition of gravels measured from riverbed materials of the Bishnumati river at four different segments from downstream to upstream portions, i.e., Segment 1 (sixth order segment at Tamsipakha), Segment 2 (fifth order segment at Mahadevtar), Segment 3 (fourth order segment at Okhaltar) and Segment 4 (third order segment at Bishnumatigau). Segments 1, 2, 3 and 4 were classified according to Rosgen's (1994) scheme as F4-, F5-, C4-, and A4-type streams, respectively by Tamrakar (2004) . All these rivers are of degrading nature (Adhikari and Tamrakar 2006) .
The parameters of river patterns as shown in Table  1 indicate that mean meander wavelengths of Segment 1 (998 m) is far greater than rest of the other segments. Mean belt width ranges from 160 to 800 m showing that Segment 1 is widest and Segment 2 is narrowest. Mean radius of curvature is highest in Segment 1 but is least in Segment 4. Sinuosity ranges from 1.15 to 1.34. Segment 3 is more sinuous than other three segments (Table 1) , but all these segments have value below 1.5 and therefore the Bishnumati River is a low-sinuosity river.
The study describes texture and composition of the riverbed material of the high-gradient short headed and low-gradient sinuous river. The size characterises compentence of river and is useful in stream classification, whereas composition and shape data provides information on provenance or source of 57 sediments derived to the river. The size and shape data may be useful for hydraulic engineers, ecologists, and those associated with river restoration projects.
METHODS
Ten transactions in each of four segments of the Bishnumati River were traversed to obtain about 400 particles per segment of size ranging from clay to gravel according to modified Wolman's (1954) pebble counting method. Both riffle and pools were included in the traverse. For measuring particle size, template of 1 phi intervals was used. When size exceeded 180 mm, then a measuring tape was used to determine size of particles. All the size measured are equivalent to intermediate size or sieve diameter.
Shape analysis of gravels was made by measuring axes for form indices (axial ratios and oblate-prolate index (OPI)) and settling sphericity (Yp), and comparing with the comparator for roundness (r) evaluation. Settling sphericity was calculated using axial data (Sneed and Folk 1958) :
where, a = longest axis, b = intermediate axis and c = shortest axis. Oblate-prolate index was calculated as (Sneed and Folk 1958) :
For estimating roundness-value of Folk (1955), Power's (1953) roundness chart was used. Besides shape parameters, individual gravel was also analysed for composition. 
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RESULTS
Particle size distribution
Cumulative frequency percent of particle size distribution of each of four segments versus phi sizes are plotted and shown in Fig. 3 . Substrate samples of Segments 1, 2 and 3 were devoid of boulder. However, clay to cobble sized particles were obtained from all the segments. The probability plots are further analysed for statistical parameters.
Particle size distribution curves of Segment 4 indicates four distinct sub-populations, two are well sorted and two poorly sorted (Fig. 3a) , transported in different modes. The curve between -11 f and -6.5 f represents particles probably transported by rolling and creeping. The curve between -6.5 f and -4 phi f represents saltation sub-population. The curve between -4 f and +4 f indicates sub-population transported in intermittent suspension. The curve at >4 f represents suspension transport (wash load).
Particle size distribution plots of Segment 3, Segment 2 and Segment 1 indicate three distinct subpopulations of which coarser (travelled as rolling and creeping) and finer (travelled as suspension) subpopulations are more well sorted while intermediate (saltating) sub-populations are poorly sorted ( 
Statistical measures of size distribution
The statistical parameters are listed in Table 2 . D max values (the coarsest particle) were obtained by extrapolating the curve representing coarse subpopulation. D max is two to three times higher in substrate of Segment 4 compared to other segments. Median particle size (D 50 ) is high in Segment 4 and Segment 1, whereas it is least in Segment 2. The high D 50 in the former is due to nearness of source rocks and in the latter can be due to contribution by the fifth order Mahadev Khola. When overall populations of the each of the samples are considered, the samples show very poor sorting according to the sorting categories of Folk and Ward (1957) . Sediments of both Segments 1 and 4 are very finely skewed while those of Segment 2 is coarsely skewed and Segment 3 is finely skewed. Median size and skewness parameters of Segment 2 are anomalous and are probably due to excavation of sediments upstream N. K. Tamrakar / Bulletin of the Department of Geology, Vol. 12, 2009, pp. 55-62 
of this segment and human modification of channel. Considering the contrast of dominant grain size against the background, this contrast is high for the sediments of Segment 4 (very leptokurtic), low for sediments of Segment 3 (platy kurtic) and very low for Sediments of segments 1 and 3 (very platykurtic).
The overall grain size-grade of the riverbed materials of the Bishnumati River falls on gravel category. More specifically,i.e., considering gravel (G), sand (S) and mud (M) components, the riverbed material of Segment 4 is Gravel (88%G, 7%S, 5%M), Segment 3 is muddy sandy Gravel (58%G, 34%S, 8%M), Segment 2 is muddy sandy Gravel (40%G, 38%S, 22%M), and Segment 1 is muddy Gravel (66%G, 6%S, 28%M). The results show that the gravelly bedmaterials progressively become richer in fines from upstream to downstream reaches. 
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Shape analysis of gravel
Photographs of some gravels are shown in Fig. 4 to exhibit shapes. Means of all parameters for gravel in each of the segments have been tabulated (Table  3) . Axial ratios (c/a and (a-b)/(a-c)) were plotted on Sneed and Folk's (1958) diagram to compare forms (Fig. 5) . Plots in triangular form diagrams indicate that majority of the gravel are compact bladed and few bladed and compact platy. All the means of gravel data plot on compact bladed field of the diagram. Geology, Vol. 12, 2009, pp. 55-62 Considering flatness ratio and settling sphericity, the gravels exhibit characters of the fluvial gravels and plot above the limits of Stratten (1974) . OPI data show that clasts from Segment 1 are more oblate than those from other segments. This is probably due to increased abundance of sedimentary gravel. Therefore, form of gravel from the Bishnumati River is not so diverse and is abundantly compact bladed. Settling sphericity decreases towards Segment 1 and becomes more oblate (negative values of OPI) than prolate.
Average roundness (r) of gravel are 2.47, 2.82, 2.5, and 3.05 in Segment 4, Segment 3, Segment 2 and Segment 1, respectively. Roundness of gravel develops from subangular to subrounded due course of transport. However, abundance of subrounded gravel in Segment 1 can be due to relatively soft and weathered nature of the meta-sedimentary gravel.
Gravel composition
Gravel sized particles obtained in Wolman's pebble count were observed for composition. Majority of the gravel is composed of gneissic rock fragments, followed by mica-quartz-feldspar aggregates, granites, sedimentary and other clasts (Table 4 and Fig. 6 ). Composition of gravel from Segment 4 is limited to gneissic and granitic composition, whereas composition of gravel from Segment 1 is more diverse compared to other segments (Fig. 6 ). Segment 1 contains clasts from the Sheopuri Injection Gneiss Zone as well as the Phulchoki Group. Segments 2 and 3 contains majorly the gravels from the Sheopuri Injection Gneiss Zone. But there are also few sedimentary clasts (siltstone and sandstone in Segment 3, and sandstone in Segment 2). These sedimentary clasts were probably supplied by reworking from the fans or fluvio-deltaic deposits containing the clasts of the Phulchoki Group of rocks. Such clasts in these deposits, if present, probably explain different drainage condition from the existing one in the area.
Proportion of sedimentary gravel increases downstream (in Segment 1) most probably due to derivation from the Mahadev Khola and the Bhaucha Khusi sourced to the Phulchoki Group of rocks. 
CONCLUSIONS
The riverbed materials are the gravel-grade sediments. From upstream to downstream, Gravel is accompanied with sand and mud and becomes muddy sandy Gravel and finally muddy Gravel. Size distributions of the sediment exhibit distinct modes of transport with saltation load being poorly sorted. The overall distribution in each case is very poorly sorted.
Form indices show that the gravels plot on compact bladed field. OPI data indicates that the gravels from Segment 1 are more oblate compared to the other segments probably due to increasing abundance of the sedimentary clasts. Gravels have high settling sphericity (0.6-0.8) and are subrounded to rounded although there exist some angular to well rounded gravels. Roundness slightly enhances in downstream segment. The well rounded gravels are supposed to be derived from the older gravel storage.
From overall shape analysis, it is inferred that there is no remarkable downstream variation of shape parameters perhaps because of short distance of transport, insufficient abrasion, greater durability of majority of the clasts, or rapid transport of gravels during floods. High sphericity and compact bladed shape are due to inherent properties of gravel, i.e., gneissic and granitic sources, from which these gravels were derived. The initial shape of gravel perhaps depends on the nature with which the breaking of rocks into rock fragments occurs. Bladed and compact platy fragments showing subrounded curvatures are correlated to siltstone, shale, sandstone, etc., whereas compact bladed and high sphericity gravels are correlated to gneiss and granite.
Gneissic and granitic gravels diminish while sedimentary gravels increase from upstream to downstream segments of the river because of more inputs from the sedimentary source rocks towards downstream segments. Presence of sedimentary gravels in the Segments 2 and 3 is remarkable and the sedimentary gravels in these segments have been perhaps supplied from the terrace deposits lying upstream because the area lying upstream of such deposits at present is devoid of sedimentary rocks of the Phulchoki Group. Presence of such sedimentary gravels even in these terrace deposits is important as it suggests peleo-drainage system, and tectonic conditions different from the present situation.
